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Rupture of a Left Ventricular Papillary Muscle During Acute
Myocardial Infarction: Analysis of 22 Necropsy Patients
DEBORAH J. BARBOUR, MD, WILLIAM C. ROBERTS, MD, FACC
Bethesda, Maryland
Certain clinical and cardiac morphologic findings are
described in 22 patients, aged 45 to 80 years (mean 64)
(15 men [68%D, in whom rupture of a papillary muscle
occurred during acute myocardial infarction. In most,
the acute infarction associated with papillary muscle
rupture was a first coronary event (only 18% had a
myocardial scar consistentwith prior infarction and 29%
had angina pectoris). The posteromedial papillary mus-
cle, presumably because of its more tenuous blood sup-
ply, ruptured almost three times more frequently than
the anterolateral one (73 and 27%, respectively).
Quantitative examination of the amounts of narrow-
Although necrosis of one or both left ventricular papillary
muscles during acute myocardial infarction is common, rup-
ture of a papillary muscle during acute infarction is rare.
Wei and associates (l,2) reported on 13 patients with pap-
illary muscle rupture during acute myocardial infarction who
were studied at necropsy at The Johns Hopkins Hospital in
a 21 year period, and Nishimura et a1. (3) reported on 11
such patients who were studied at necropsy at the Mayo
Clinic in a 42 year period. During the past 14 years we have
studied 22 patients at necropsy in whom one left ventricular
papillary muscle ruptured during acute myocardial infarc-
tion. This report describes certain of their clinical and mor-
phologic findings, with particular focus on the detailed eval-
uation of the amounts of narrowing in the major epicardial
coronary arteries.
Results
Clinical Findings
Source of patients. The 22 patients had necropsy per-
formed at 14 different institutions and the hearts were sub-
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ing by atherosclerotic plaque in each of the four major
epicardial coronary arteries (right, left main, left an-
terior descending and left circumflex)disclosedless nar-
rowing in the patients with rupture than in the patients
with fatal acute myocardial infarction unassociated with
rupture. Of the 519 five mm sections of coronary artery
examined (11patients), only 68sections (13%) were nar-
rowed greater than 75% in cross-sectional area com-
pared with 34% of 1,403 sections from 27 patients with
fatal myocardial infarction without rupture.
(1 Am Coli CardioI1986;8:558-65)
sequently submitted to the Pathology Branch of the National
Heart, Lung, and Blood Institute for examination (Table I).
Two patients (Cases 16 and 22) have been described pre-
viously (4,5). All hearts initially were examined by W.C.R.;
12 were reexamined by both authors. The medical records
from each of the submitting hospitals were reviewed and
the findings are tabulated in Table 1. Of the 22 patients, 20
died in a hopital and 2 patients (Cases I and 8) died at work
or at home. The ages of the 22 patients ranged from 45 to
80 years (mean 64); 15 (68%) were men and 7 (32%) were
women. Two patients (Cases 9 and 20) had had a myocardial
infarct that healed before the fatal acute infarction associated
with papillary muscle rupture.
Angina pectoris. This symptom had been present before
the fatal acute infarction associated with papillary muscle
rupture in 6 (27%) of the 22 patients. Two of these six
patients had had an aortocoronary bypass operation because
of angina; Patient II had the operation 3 months before
death and Patient 13 had it 2 years before death.
Congestive heart failure. None of the 22 patients had
evidence of congestive heart failure before the acute myo-
cardial infarction associated with papillary muscle rupture.
Systemic hypertension and diabetes mellitus. Al-
though the heart at necropsy was enlarged (heart weight >
350 g in women and> 400 g in men) in 17 (77%) of the
22 patients, a history of systemic hypertension had been
recorded in only 8 patients (36%). Diabetes mellitus was
known to be present in three patients (14%).
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Table 1. Clinical and M orphol og ic Observations in 22 Patients With Ac ute M yocardial In farc tion and Papill ary M uscl e Ru pture
AMI Si te of AMI Size Papi llary No. of FourAge (yr) Diagnosed Interval from AMI Interva l from AM I of LV Muscle Type HW Major CA
Case & Sex AI' SH DM Clinically to Death (days) to Rupture (days) Shock CHF By ECG At N AMI Scar Ruptured Rupture (g) > 75% in XSA
A. Without mitral valve replacement
I 50M 0 - - 0 5 5 0 0 - A S 0 AL [ 470 [
2 5 1M 0 0 + 0 32 14 + + NO I' L 0 PM [ 395 3
3 52M + + 0 + 5 2 + + I' I' S 0 PM [ 530
4 55M 0 0 0 + 6 3 + + NO A L + AL C 380
5 59M 0 0 0 + 4 - + + I' I' L 0 PM C 550 2
6 61M + 0 0 + II 7 + + I' I' L 0 PM C 510
7 66M 0 0 0 0 7 5 0 + - I' L 0 PM C 550
8 66M 0 0 0 7 7 0 0 - A S 0 AL C 500 2
9 67F 0 + 0 + 5 5 + 0 P I' S + PM I 395 2
10 67F 0 0 + + 25 - + + I' I' L 0 PM [ 645 2
I I 12M + + 0 + 3 - 0 0 - I' S 0 PM I 530 3
12 76F + + - + - - 0 0 I' I' L 0 PM I 450 3
13 76F + 0 + 2 I + - A A L 0 AL I 550 3
14 77M 0 - 0 + 4 4 + + ND A L 0 AL C 480 - .";>
15 78F - 0 - + - - - - - I' L 0 PM [ 285 - -er
16 78F 0 + + + I I 0 + NO I' S 0 PM [ 360 I r-;>
17 80F 0 0 0 0 2 - + + NO I' L + PM [ 335 2 ::<>
-<
B. With mitral valve rep laceme nt 3:c
'"o
18 45M 0 + 0 + 4 3 + 0 I' P&A L 0 AL I 425 2 r-m
19 47M 0 + 0 + 6 1 0 + NO I' L 0 PM [ 450 I ::<>c
20 63M + 0 0 0 - - 0 + NO I' S + PM I 590 3 ~
21 65M 0 0 0 + 7 5 + + I' I' L 0 PM I 550 3 c!:"::t>;>
22 65M 0 + 0 + 84 6 0 + I' I' - + PM I 350 - m::t>Ol;l;l
co
A = anterior; AL = anterolateral; AMI = acute myocardial infarc tion; AI' = angina pecto ris; C = complete ; CA = coronary arteries ; CHF = congestive heart ::<>c
z::t>
failure; OM = diabetes mell itus; ECG = electrocardiogram; F = fema le; HW = heart weight; I = incomplete; L = large; LV = left ventricular; M = male; N = G;>
-z
necropsy; NO = not diag nostic: I' = posterior (inferior) ; PM = postero medial: S = small: SH = systemic hypertension; XSA = cross-sectional area: + = prese nt: zo
o = absent; - = unknown. 'j2::t>
::<>0Qg;
-::t>~0iJ
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Figure 1. Forms of papillary muscle rupture: complete, involving
the entire trunk (left) and incomplete, involving one or more heads
of a trunk (right). LV = left ventricular. (Reprinted by permission
of the American Heart Association, Inc. from Roberts WC, Cohen
LS. Left ventricular papillary muscles. Description of the normal
and a survey of conditions causing them to be abnormal. Circu-
lation 1972;46:138-54.)
ranged from 285 to 645 g (mean 431); the weight in the 15
men ranged from 350 to 590 g (mean 484).
Extent of acute infarct. The acute myocardial infarct
(21 patients) involved more than 20% of the left ventricular
and ventricular septal walls in 14 patients (66%) and 20%
or less of these walls in 7 patients (33%).
Healed myocardial infarcts. Grossly visible left ven-
tricular scar was present in five patients (Cases 4,9,17,20
and 22), and in each the scar was small but transmural
(involving all the inner half and all or a portion of the outer
half of the wall). Four of the patients (Cases 4,9,17 and
22), however, had a left ventricular scar (indicating previous
myocardial infarction which, in three, was clinically silent)
before the acute myocardial infarction associated with pap-
illary muscle rupture. The infarction that was associated
with papillary muscle rupture had healed in Patients 20
and 22.
Extent of papillary muscle rupture. The papillary mus-
cle rupture, as assessed at either operation or necropsy,
involved the entire papillary muscle trunk (complete rup-
ture) in 6 patients (27%) and only a portion of the trunk,
that is one or more heads (incomplete rupture), in 16 (73%)
(Fig. I). The anterolateral papillary muscle ruptured in 6
patients (27%) (Fig. 2) and the posteromedial muscle rup-
tured in 16 (73%) (Fig. 3 and 4).
Subepicardial fat. The amount of subepicardial adipose
tissue present was recorded in 14 patients and graded on a
scale of I + to 4 + .Four plus indicates that the subepicardial
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Diagnosis of infarction. The acute myocardial infarc-
tion was diagnosed during life in 16 (73%) of the 22 patients
by a typical pain pattern and diagnostic electrocardiographic
or enzymatic changes, or both. Of the six patients in whom
the diagnosis of acute infarction was not established during
life, two (Cases I and 8) died suddenly outside the hospital;
both had had intermittent chest pain for 5 to 7 days. Patient
2 died several days after a peripheral vascular operation;
Patient 7 had Hodgkin's disease and his chest pain was
attributed to the lymphoma rather than to acute myocardial
infarction. Patient 17 was hospitalized for gastrointestinal
bleeding and the electrocardiogram showed new left bundle
branch block, and Patient 20 presented initially with severe
congestive heart failure and mitral regurgitation without chest
pain or electrocardiographic evidence of acute myocardial
infarction.
Location of the acute myocardial infarct. The electro-
cardiographic findings during the acute myocardial infarc-
tion associated with papillary muscle rupture were available
in 17 patients. The electrocardiogram was diagnostic of
acute infarction in 10 patients: of the anterior left ventricular
wall in 1 patient and the posterior (inferior) wall in 9. In
the other seven patients, the findings were not diagnostic
of acute myocardial infarction.
Time of papillary muscle rupture. The interval from
onset of symptoms or signs compatible with acute myo-
cardial infarction to death (19 patients) ranged from 1 to 84
days; in 15 patients (79%) the interval was 7 days or less.
The interval from onset of symptoms or signs compatible
with acute myocardial infarction to papillary muscle rupture
as judged by clear-cut worsening of clinical status (14 pa-
tients) ranged from 1 to 14 days; in 13 patients (93%) this
interval was 7 days or less. The interval from signs or
symptoms, or both, considered indicative of papillary mus-
cle rupture to death (14 patients) ranged from 0 to 78 days;
this interval was 0 to 4 days (mean 1.8) in 5 patients with
rupture of the entire papillary muscle trunk (complete rup-
ture), and 0 to 78 days in 10 patients with incomplete rupture
(::::;5 days in 8 of these 10 patients).
Consequences of papillary muscle rupture. At least
12 patients had hypotension or shock and at least 14 patients
had evidence of congestive heart failure during the acute
myocardial infarction associated with papillary muscle
rupture.
Mitral valve replacement. Five of the 22 patients had
mitral valve replacement because of severe mitral regurgi-
tation associated with the papillary muscle rupture. A non-
tilting disc prosthesis was used in two patients, a tilting disc
in two and a porcine bioprosthesis in one. Four patients
died during operation and the fifth (Patient 20) lived less
than 24 hours after operation.
Necropsy Findings
Heart weight. The 22 hearts ranged in weight from 285
to 645 g (mean 467). The heart weight in the 7 women
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Figure 2. Patient 8. This 66 year old man collapsed and died
while mowing his lawn. He was seen by his physician 7 days
earlier for dyspnea and mild chest pain . a and b, Transverse sec-
tions of cardiac ventricles showing complete rupture (a r row) of
the anterolateral (A-L) papillary muscle . c and d, Close-up of
ruptured papillary muscle with attached tangled chordae tendineae .
fat was so extensive that the heart floated in water (6) . The
amount of subepicardial fat was grade 3 + in 9 of the 14
patients and grade 4 + in 5 patients (Fig . 2 to 4) .
Extent of coronary artery narrowing: scoring system.
In 15 patients, the number of the four major (right, left
main, left anterior descending and left circumflex) coronary
arteries narrowed more than 75% in cross-sectional area by
atherosclerotic plaque was determined . In 6 patients 3 ar-
teries were so narrowed; in 6 patients, 2 arteries; and in 3
patients, I major artery (mean, 2.2 coronary arteries per
patient) . Of these 15 patients, 7 had a thrombus in a coronary
artery superimposed on atherosclerotic plaque.
In II patients , each of the four major epicardial coronary
arteries was excised intact, decalcified if necessary and cut
into 5 mm segments at right angles to the long axis of the
artery. Each 5 mm segment was processed so that 6 J1- thick
histologic sections could be prepared from each. A total of
519 five mm segments (mean 47 per patient) were prepared
and a Movat-stained section was examined under the mi-
croscope at 40 times magnification. The amount of cross-
sectional area narrowing by atherosclerotic plaque was
determined from each of the 519 five mm segments by
estimating the amount of each of four quadrants of the lumen
was obliterated by plaque. Lumen obliterated by thrombus
was not included in the amount narrowed. The results of
these examinations are summarized in Figure 5.
A scoring system was devised to numerically indicate
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both the extent and the severity of coronary artery narrow-
ing. Every 5 mm segment examined from each patient was
assigned a score from I to 4 , based on percent of cross-
sectional area narrowing by plaque ; that is, I = 0 to 25%
narrowing, 2 = 26 to 50%, 3 = 51 to 75% and 4 = 76
to 100%. A total score was obtained for each patient and
the mean score per 5 mm segment was derived by dividing
the number of 5 mm segments from each patient into that
patient's total score . Of the 519 segments examined from
the 11 patients, 101 segments (20%) were narrowed 0 to
25% in cross-sectional area (score = 101), 158 segment s
(30%) were narrowed 26 to 50% (score = 316), 192 seg-
ments (37%) were narrowed 51 to 75% (score = 576) and
68 segments (13%) were narrowed 76 to 95% (score =
272). No segments were narrowed 96 to 100% in cross-
sectional area. The total score , therefore , for all II patients
and their 519 five mm coronary artery segments was 1,265 ,
yielding a mean score of 115 per patient and a mean score
per coronary artery segment of 2.4, indicating that each of
the 519 segment s, on average , was narrowed about 50% in
cross-sectional area.
Figure 3. Patient II. This 72 year old man had undergone aor-
tocoronary bypass grafting to the left anterior descending, obtuse
marginal and diagonal coronary arteries 3 months before having
a nonfatal cardiac arrest en route to the hospital for recurrent chest
pain. He died several days later from anox ic complications of his
arrest. a to c, Tran sverse section of the cardiac ventricles showing
acute infarction and incomplete rupture of the posteromedial
(P-M) papillary muscle. d , The avulsed papillary muscle head with
attached chordae tendineae .
Earlier aortocoronary bypass grafting. Patient s II
(Fig. 3) and 13 had undergone coronary artery saphenous
vein bypass grafting 3 and 24 months , respectively , before
death . Both grafts from Patient II were occluded by throm-
bus, and all three grafts from Patient 13 were occluded (two
by fibrous tissue and one by thrombu s).
Myocardial histologic studies. Sections of left ventric-
ular wall extending from endocardium to epicardium were
examined in 12 of the 20 patients with gross evidence of
left ventricular wall necrosis, and in each, the presence of
necrosis was confirmed histologically . In these 12 patient s,
JACC Vol. 8, No.3
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Figure 4. Patient 12. This 76 year old woman had a large posterior
wall acute myocardial infarction with incomplete rupture of the
posteromedial papillary muscle. a, Ventricular transverse slices
from base (top left) to apex (bottom right) demonstrating the
extent of the infarction. band c, Close-up of the basal portion of
the left ventricle showing a portion of the ruptured posteromedial
papillary muscle (arrows). d, Opened mitral valve showing the
ruptured papillary muscle head (arrows) and the tangled chordae
tendineae.
2 to 12 sections (mean 5 each, total 55) of left ventricular
wall were examined.
Discussion
Summary of findings. Analysis of our 22 patients with
left ventricular papillary muscle rupture during acute myo-
cardial infarction disclosed their mean age to be 64 years;
68% were men and most (81%) had shock or congestive
heart failure or both, during the acute infarction. Most (73%)
had posterior (inferior) wall infarction with rupture of the
posteromedial papillary muscle and a few (18%) had had a
previous myocardial infarction as indicated by the presence
of a small left ventricular scar. The acute myocardial in-
farction associated with rupture was preceded by angina
pectoris in only 29% of the patients; most (77%) had car-
diomegaly at necropsy but few (36%) had had documented
systemic hypertension. Most (79%) had rupture 7 days or
less after onset of the acute myocardial infarction and all
had large amounts of subepicardial adipose tissue. The amount
of coronary narrowing by atherosclerotic plaque was less
than that observed in groups of patients with myocardial
infarction not associated with papillary muscle rupture (7-14).
Site of papillary muscle rupture. In 16 of our 22 pa-
tients, it was the posteromedial left ventricular papillary
muscle that had ruptured. Other investigators have also ob-
served rupture to involve more commonly the posteromedial
than the anterolateral papillary muscle. Of 13necropsy cases
of papillary muscle rupture studied by Wei et al. (2) and
11 necropsy cases studied by Nishimura et al. (3), the pos-
teromedial muscle was involved in 11 and 8, respectively;
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Figure5. Bargraphshowingnumbers and percents 70Percent
of the 5 mm segmentsof the four major epicardial of 5-mm segments
60
coronary arteries (CA) narrowed to variousdegrees of 4 major
in cross-sectional area(xsa) by atherosclerotic plaque coronary 50arteries
in I I of the 22 patients. Only 68 (13%) of the total narrowed in
519 five mm segments were narrowed more than xsa by plaque 40
75% and 259 segments (50%) were narrowed less 30
than 50% in cross-sectional area.
20
10
Patient No. 2 5 8 9 10 11 12 16 20 21
No. Segments 42 59 39 53 34 51 51 49 29 61 51
No. CAs narrowed 3 2 2 2 2 3 3 3 3
>75% xsa
of 14 operative cases studied by Clements et al. (15), the
posteromedial muscle was involved in 12, Why the pos-
teromedial muscle is more commonly involved than the
anterolateral one is not clear; it appears that the postero-
medial structure has a more tenuous blood supply (from a
single coronary artery, that is, right or left circumflex, rather
than from two arteries, that is, the left anterior descending
and left circumflex) than does the anterolateral muscle (16).
In contrast to papillary muscle rupture, rupture of either
ventricular septum or left ventricular free wall is associated
with equal frequency in anterior and posterior (inferior) wall
infarction (17,18).
Papillary muscle rupture as the first coronary event.
Rupture of a papillary muscle, like rupture of the left ven-
tricular free wall or ventricular septum, secondary to coro-
nary artery disease, is usually associated with a first acute
myocardial infarction (19). Only 3 (14%) of our 22 patients
had had a myocardial infarct before the one associated with
the papillary muscle rupture, and in each the left ventricular
scar was small. Wei et al, (2) found a left ventricular scar
in 5 of their 13 necropsy cases but the size of the scar was
not mentioned. Three of these five patients had clinically
evident myocardial infarction that had healed. In the II
necropsy cases of papillary muscle rupture described by
Nishimura et al. (3), 3 patients had left ventricular scar but
only I gave a history of prior myocardial infarction.
Size of left ventricular cavity. The left ventricular cav-
ity of necropsy is usually of normal size in patients during
or shortly after papillary muscle rupture. Thus, the left ven-
tricular cavity is nearly always of normal size, or at least
not dilated, at the time the papillary muscle ruptures. A
corollary of this observation is that when patients with chronic
congestive heart failure have an acute myocardial infarction,
rupture-be it of papillary muscle, left ventricular free wall
or ventricular septum-virtually never occurs. In patients
with chronic congestive heart failure secondary to coronary
artery disease, the left ventricular cavity is dilated (20,21).
The heart in the latter circumstance might be thought of as
being "too weak" to rupture.
Amounts of coronary narrowing compared with other
coronary events. A surprising finding in our study was the
occurrence of less severe narrowing of the coronary arteries
than in patients we studied who had fatal coronary artery
disease unassociated with rupture. Of the 519 histologic
sections examined from the four major epicardial coronary
arteries in II of our 22 patients, only 68 (13%) were nar-
rowed more than 75% in cross-sectional area by athero-
sclerotic plaque and none were narrowed more than 95%.
In contrast, of 1,403 five mm histologic sections of the four
major epicardial coronary arteries studied in 27 patients with
fatal transmural acute myocardial infarction unassociated
with rupture, 477 (34%) were narrowed more than 75% in
cross-sectional area by plaque and 2% of them were nar-
rowed more than 95% in cross-sectional area (7). Addi-
tionally, in victims of sudden coronary death (22), healed
myocardial infarction (10,23,24) and unstable angina pec-
toris (25), the percent of 5 mm segments of the four major
epicardial coronary arteries narrowed more than 75% by
atherosclerotic plaque was 36, 31 and 47%, respectively.
The explanation for the lesser degree of coronary narrowing
in the patients with rupture is unclear. Detailed necropsy
information on the major coronary arteries in patients with
papillary muscle rupture has not been described by others.
Subepicardial adipose tissue increase. In each of our
patients whose heart was available for reexamination, the
amount of subepicardial adipose tissue was found to be
JACC Vol. 8, No.3
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excessive and it was so extensive in nearly half of them that
the heart floated in water (6). The significance of the cardiac
adiposity in fatal cases of papillary muscle rupture is un-
clear. We have also observed excessive subepicardial fat in
virtually all cases of rupture of the left ventricular free wall
and of the ventricular septum studied in our laboratory. The
observation of excessive cardiac adiposity in these cases has
not been described previously.
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